The Mining and Smelting Complex Bor (RTB) 
INTRODUCTION
Copper production in RTB includes various technological and organizational activities in a wider geographical area [1] . In these activities, the large amounts of electrical energy are consumed [2] . For the security of power supply, the five primary transformer substations (TS) (110 kV/6 kV * ) were built; two located in Bor, and three located in Majdanpek. The total installed capacity of all power stations in RTB is close to 500 MVA. All costs (including energy and power) are calculated and billed by the electrical energy supplier at the level of consumer substations, not the individual plants that are the part of RTB. Allocation of costs within RTB organizational units -plants and factories, is carried out based on the internal measurements. Measures to reduce these costs have always been undertaken, but until late 80s and early 90s there was no systematic monitoring and control of power and energy consumption, so these measures were not always effective. In fact, at that time, design, construction and application of supervisory and control systems in transformer substations started, at the beginning only in TS Bor3 [3] . Later, the other transformer substations were included, as well as the individual plants in RTB. As the supervisory system enabled real-time and continuous monitoring of consumption, with the option of creating technical and financial reports with objective presentation and distribution of costs, an opportunity for reduction and optimization of these costs appeared [5] . Many concrete actions were undertaken in this period that can be classified into two main categories: technological and organizational; or combination of both. Very often they give the significant results [4, 6, 7, 8, 9, and 10] .
The aim of this paper is not to present measures and activities to reduce the electrical energy costs, nor the effects, but the impact of numerous changes in the methods of calculation the costs in last 25 years. These changes were initiated by the electrical energy supplier and demanded different measures and strategies to reduce the costs, which will be denoted by administrative measures in further text.
The analysis provided in the paper covers the period 1991-2015. As a proof of concept, only the substation Bor 3 will be analyzed, as it was the first one with the installed monitoring and control system and provides continual data acquisition since 1990 (with the exception of 1999, when it was ruined in bombing of Serbia and Montenegro). Also, all the metallurgical and some of the mining plants are electrically supplied from this transformer substation (see Table 1 ), hence the results can be easily generalized for other substations. 
OVERVIEW OF CALCULATION METHODS
It has already been noted that in the reporting period (1990 -2015) RTB Bor purchased the electrical energy from the supliers according to the contracts that were signed each year. The contracts contained regulation the method of delivery, quantities and prices of electrical energy and power. Each of the contracts contained a price list with the specification of energy and power unit price, and some additional costs. Those additional costs were small both in absolute and in relative terms, and will not be further discussed in this paper. The electrical energy, active and reactive, as well as the tariff system, have the greatest influence on the overall costs. However, these costs will not be discussed in detail, because it would be necessary to take into account the productivity norms, which is beyond the scope of this paper. Hence, the focus of the article will be on power costs, as the second most significant factor influencing the overall costs, or to be more specific the peak load costs [7, 8] . The peak load is the maximum average power load over a designated interval of time (15 minutes) during one month ( Figure 1 ). It is clear that, under certain circumstances, 15 minutes of unusually high energy import, resulting from the concurrent start-up of power consumers, may drastically increase the power costs for an entire month. This can be often avoided with only a minimal technical effort, by just a few short, targeted interventions at the right point in time. The calculation of peak load costs has changed over the years, and the company had to adapt to these changes in order to reduce the costs. Each of these methods of calculation is discussed in details in further subsections.
Figure 1 Peak load definition
Principle of "regional peak load"
The period 1991-2003 was characterized by the significant share of peak load costs in the total electrical energy costs, which went up to 46%. Clearly, potential savings in these costs were significant, having in mind the absolute amounts of costs.
This was also the period when a special attention was paid to development of systems, actions and algorithms for its reduction [3, 6, and 9] . However, the method of calculation the peak load costs was rather interesting. The electrical energy supplier (Elektroprivreda Srbije -EPS at that time) measured the peak load in all 110/6 kV transformer substations in the Zajecar administrative district (municipalities of Zajecar, Bor, Majdanpek, Negotin, Kladovo, Knja-ževac and Boljevac) during each month. Hence, the substations that had nothing to do with RTB were also included in the calculation of peak load costs. These data were then merged to find maximum 15-minute peak load values over all substations in the administrative district. The time when the maximum peak load in the whole district occurred, was further used to read the peak load in substations that supplied RTB.
This method of calculation of peak load costs was neither logical, nor fair, from the point of view of the consumer, but the supplier insisted that it was the only way to guarantee the continual supply of electrical energy to all consumers in the district. It was very difficult to optimize or reduce the costs, as the time of occurrence of peak load was not always related to production activities in RTB. It should be insisted on as less as possible engaged electrical power, and thereby the peak power was lower, anyway measured. In this way, RTB Bor achieved significant savings in 1991 [11] The year 1991 was used as an example, as this was the year with extremely large production of cathode copper. substations that supplied RTB with electrical energy. This was a fundamental change as it included only the substations that suplied RTB. Although the RTB plants are distri-buted and very often technologically independent, it was possible, for the first time, to make organizational and procedural algorithms that would enable the optimization of power costs [11, 12] . The dynamic plan for activation of large consumers was made, to avoid its concurrent start-up whenever it was possible, without disturbing the technological process.
In order to enable the realization of such dynamic plan, all five substations were monitored in real-time using the installed monitoring systems. Although the most optimal results would be obtained by making a centralized system that would merge the data from all substations, this was not realized due to very complex technological processes and organizational structure in RTB, so only the individual impact of every substation on reducing the peak load was assessed. However, even not optimal, these measures yielded positive results. The impact of peak load in the total costs decreased to approximately 30% ( Figure 5 ). A typical example of annual costs for this period is shown in 2004. 
Figure 4 Consumed electrical energy and measured (engaged) power in 2004

Figure 5 Costs distribution in 2004
The principle of "individual peak load"
In the period 2008-2014, the method for calculation and billing the electrical energy costs changed again. The peak load was determined at the level of each individual substation, as its maximum average 15-minute load during one month. This was not beneficial for consumers, as the sum of maximum peak load values is always higher (or equal in the best case) then the maximal sum ("common peak load" principle). Hence, all the actions to reduce the power costs were transferred to a lower level, a level of the single substation and plants that were supplied by this substation [14] . Technologically speaking, it was a simpler procedure, but the possibilities of savings were limited [13] . Nevertheless, the impact of power costs decreased in this way to approximately 20%, as shown in Figure 6 . 7 370 488
Figure 6 Costs distribution in 2012
Figure 7 Costs for electrical energy and measured (engaged) power in 2012
The principle of "approved peak load"
Changing the laws and government regulations in 2014, the electrical energy market was liberalized, and EPS was no more the exclusive supplier. Also the terms of calculation and billing the electrical energy costs were negotiated with the supplier. Hence, the method of calculation has changed once more.
Jugoistok (the part of EPS) was chosen as the supplier. The structure of costs consists of the consumed electrical energy, the approved electrical power and monthly dynamic for the whole year. Based on consumption in recent years, and production plans in the future, RTB needs to provide the plan to the supplier, which in turn defines the approved power, as the new term in the bill. Power was still measured as maximum average 15-minute load during the month. As long as this peak load is less than, or equal to the approved power, the user only pays the amount of approved power. Any excess over the approved value is called the excessive power, and it is billed at four times higher prices. This method of calculation requires a thorough analysis of electrical behavior in previous years and good planning and prediction of production in the year for which the agreement is to be made [16, 17] . So, in addition to energy experts, it is necessary to involve the technical stuff in the individual organizational and technological units [18] . This method of calculation may be illustrated by the case of 2015, where it is clear that the share of the power costs decreased significantly using the new principle of cost calculation (only 3%). 
DISCUSSION
To make a fair comparison of impacts and effects of changes in methods of calculation and billing of electrical energy, the objective measures should be used, such as: active and reactive energy, electrical power, or some administratively defined quantities, such as: excessive energy, peak load, approved power, excessive power, and the like. Active energy was the most dominant part of electrical energy costs in the whole analyzed period. Reactive energy, on the other hand, in some periods was not billed, sometimes not even measured .Note that Bor3 substation had the capacitor batteries installed (with the power of 14 MVAr); thereby the satisfactory compensation of reactive energy was achieved. However, after it was destroyed in bombing in 1999, the new one was built, but without a section for reactive power compensation. Only after years the capacitor batteries were installed, and the reactive energy was compensated.
Copper production in the observed 25-year period varied from more than 100.000 tons per year in the early 1990s to 30.000 tons in recent years. Several factors influenced the reduced production, including tech nological factors (smaller percentage of copper in the ore), political (economic sanctions during the 1990s), economic factors (drastic changes in prices on the stock market, from 1.500 USD/t in 2002 to 10.000 USD/t in 2011) etc. In order to make an objective comparison, a new quantity is defined denoted as the "average price of active energy per annum" C Ea :
where E a is the total active electrical energy spent over a year, and P Ea is the total annual price of this active energy denominated in USD. In addition to active the energy, a significant part of costs was the electrical power. These costs were calculated in different ways over the analyzed period (regional peak load, common peak load, individual peak load, or the approved power and excessive power). Therefore, the concept of "average monthly price of power per annum" C P is introduced:
Where PMC represents the average monthly cost for the power over the year and AMP is the average monthly power over the year (determined as the peak load or the approved peak load, depending on the analyzed period). In this way the parameters C Ea and C P were introduced, that represent the unit price of energy and power, irrespective of the way of calculation. These are the two key parameters for comparison because they are dominant in the total amount of costs for each of the listed methods of calculation. Figure 10 presents C Ea and C P calculated for TS Bor 3 for all described methods of calculation
Figure 10 Energy and power unit prices for different methods
Comparison of described methods of calculation and billing the electricity costs shows that only the spent active energy represents a significant (dominant) part, independently of the used method. The other costs are allocated or categorized differently. Therefore, reducing the total consumption of active energy still has a significant effect in reducing the cost and impact on other elements (peak power, reactive power,) does not always provide equivalent savings for each of the methods. Given that the costs of reactive power are becoming bigger, it should be accessed by installing the compensation batteries in all consumer substations.
CONCLUSION
The all results presented in this paper are given for one substation (TS Bor 3) out of five that are used to supply electri-city in RTB, which has the share in the total electrical energy costs ranging from 24% to 45% over the analyzed period. The total costs of electrical energy are approximately 3.000.000 USD per month. It is clear that savings of only 1% amounts 360.000 USD per annum. To reduce the cost of electricity various activities were undertaken in the analyzed period. In the period when 'regional' and 'common' peak load method was used, the main objective was to reduce the peak load, as the share of the peak load in the total costs was very high (up to 46%).
The reduction and optimization of electrical energy consumption is a permanent task. This is achieved by installing the appropriate aggregates and their optimum operating regime. The current method of calculation the electrical energy costs particularly insists on careful planning the consumption, as the approved peak load is determined annually, based on the previous consumption and productivity plans. Any excess of approved power can lead to significantly increased total costs.
